Two new terpenoids, saponaceolide T (7), and lanostane triterpenoid saponaceol D (11), were isolated from an EtOAc extract of Tricoloma saponaceum fruiting bodies and their structures have been established by spectroscopic analysis. In addition, known saponaceolides A (1), C (3), F (5), H (6), together with cerevisterol and fasciculol B depsipeptides pardinol B (9) and D (10), were isolated. Representative saponaceolides exhibited high antiproliferative activities against A549 and HEP G2 human tumor cell lines.
Tricholoma (Fr.) Staude is a genus of Basidiomycete fungi (Basidiomycota) which comprises gilled mushrooms belonging to the order Agaricales, family of Tricholomataceae. More than 250 Tricholoma species are known, the majority of which grows in the temperate regions of both hemispheres, while only a few ones occur in the tropics [1] [2] [3] [4] . Tricholoma saponaceum (Fr.) Kummer can be collected rather abundantly in Italian coniferous and deciduous forests from late summer to late autumn. This mushroom is not toxic; however, it is generally considered inedible, due to the unpleasant soapy smell and taste.
As a part of our phytochemical investigations of Italian wild mushrooms, some years ago we isolated a group of novel C-30 terpenoids called saponaceolides A-D (1-4) from an EtOAc extract of T. saponaceum fruiting bodies [5] . These compounds, especially saponaceolides A (1) and B (2), exhibited high cytotoxic activities on different human tumor cell lines [5b,6] . Moreover, they possess an unprecedented C30 terpenoid skeleton, which is likely assembled through a novel biogenetic pathway not involving the classical cyclization of squalene epoxide to triterpene precursors [5] . Consequently, they are more correctly described as sesquiterpenoid dimers, composed by two C15 units linked to each other by the C(11')C(2) bond [5] . In addition to 1 and 2, other three cytotoxic saponaceolides, E-G, were subsequently isolated from the fruiting bodies of T. saponaceum collected in Japan [7] , whereas twelve novel congeners, saponaceolides H-S, have recently been isolated from T. terreum collected in France [8a, b] . Saponaceolide B was also isolated from the fruiting bodies of T. scalpturatum [9] and T. terreum collected in Italy [8c].
The singularity of the saponaceolide structures, and their high cytotoxicities, prompted us to analyze uninvestigated chromatographic fractions obtained from the early separation of an EtOAc extract of T. saponaceum [5] . Further multiple chromatographic separations afforded two new terpenoids, saponaceolide T (7), and lanostane triterpenoid saponaceol D (11) . In addition, known saponaceolides A (1) [5], C (3) [5b], F (5) [7] , H (6) [8a] , together with cerevisterol [10] and fasciculol B depsipeptides pardinol B (9) [11] and D (10) [11] , were isolated and identified by comparing their physicochemical and spectroscopic data with the literature or with authentic samples. (Table 1) , respectively, as it concerns the signals from C-1 to C-15 and C-1' to C-15', respectively. Thus, with respect to 6, compound 7 contained an additional trisubstituted double bond at  C 134.7 (C, C-9') and 122.9 (CH, C-10'), carrying an olefinic proton at  H 5.15 (1H, t, J = 7.5), whereas, with respect to 8, an additional hydroxy group was revealed by the signals at  C 69.7/ H 4.86 (1H, t, J = 3.4 Hz). Analysis of the COSY, HSQC and HMBC spectra of 7 revealed connectivities from the olefinic proton to H 2 -11' ( H 1.78, 2.21), C-11' ( C 28.6, CH 2 ), C-9' ( C 134.7, C), C-15' ( C 60.1, CH 2 ), and C-2 ( C 48.1, CH), thus placing the double bond at the C-9' and C-10' positions. Consequently, C-15' was connected to the olefinic quaternary carbon C-9' ( C 134.7, C), as confirmed by the upfield shift of the 13 C resonance ( C 60.1) on comparison with the corresponding carbon signal in the NMR spectrum 6, and by the presence of an ABq system centered at  , including the stereo configuration of C7. In fact, the coupling constants of H-7 (t, J = 3.4 Hz) and the chemical shifts of CH-7 ( H 4.86;  C 69.7) were almost coincident with those of 6 and similar compounds whose structures were determined by a single crystal X-ray diffraction [9b] . On the other hand, biosynthetic considerations and the co-occurrence in the same fruiting bodies suggest for saponaceolide T (7) the same absolute stereochemistry as saponaceolide A (1) [5]. . These data indicated that compound 11 was a lanostane triterpenoid, structurally related to pardinol D (9). This conclusion was confirmed by the results of separate alkaline methanolysis of compounds 10 and 11. Two samples of fasciculol B (12) [12] and diester amide 13, identical to each other in all aspects, including the absolute configuration, were obtained. It was thus clear that saponaceol D (11) corresponded to a diacetyl derivative of pardinol D (10) . Esterification of these additional diacetyl groups to the OH groups at C-2 and C-3'' of 10, was clearly indicated by the downfield field of H-2 ( H 5.13) and H-3'' ( H 6.35) in 11 in comparison with the corresponding signals in 10 ( H 3.75 and 5.28, respectively). Additionally, in the HMBC spectrum of compound 11, the correlation from H-3 ( H 4.84, J = 10.5 Hz) to C-1' (δ C 172.4) implied that the HMG moiety B (Figure 1 ) was linked at C-3. The results of the methanolysis of compound 11 (see above) indicated that the absolute configuration of the triterpenoid part was identical to fasciculol B (12) [12] , while that of the HMG moiety B in 11 was identical to pardinol D (10) [11] . The stereochemistry of the HMG unit in 10 has recently been determined by means of the calculated ECD spectrum of the simplified structure 13 [11] . Calculations suggested the stereochemistry 3'R, 2''S, 3''S [11] . This finding should, in our opinion, be considered with extreme caution, since it stands in striking contrast with the 3'S absolute configuration determined for the HMG moiety occurring in all lanostane triterpenoids, structurally related to 9-11, that have been isolated so far from higher mushrooms [13] .
Saponaceol D (11) and pardinols B (9) and D (10) are the first triterpenoid fasciculol B depsipeptides isolated from T. saponaceum. The antiproliferative effects of isolated saponaceolides A (1), C (3), F (5), H (6), and T (7) on four human tumour cell-lines, i.e., A549 lung, Hep G2 liver, Caki-1 renal, MCF-7 breast cancer cells, and a human epithelial cell line (WISH), were evaluated by an MTT assay [14] in comparison with the well-known cytotoxic drug shikonin [15] . Cells were exposed for 24 h to increasing concentrations of tested compounds. IC 50 (M) values are reported in Table 3 . The data confirmed the high antiproliferative activity of all these saponaceolides, especially against A549 and Hep G2 cells, which was even higher than that of shikonin. The most potent cytotoxic compounds were, in the order, saponaceolides F (5), H (6), and A (1). For comparison, cytotoxicities (IC 50 ) of pardinols 9 and 10 against different cancer cell-lines, including A549 and MCF-7 cells, have been reported to be in the order of 8.3-15 M and >40 M, respectively [11] .
Cell antiproliferative activities (MTT Assay).

Experimental
General Experimental Procedures:
For most experimental techniques and procedures, see reference [16] . NMR, 300 MHz Bruker-Advance spectrometer; EIMS and CIMS in DIS mode, on a Finnigan-MAT 8222. EIMS: 70 eV, 0.5 mA, source T 200-220°C; CIMS (isobutane): gas pressure 50 Pa; 200 eV, 0.1 mA, source T 170°C; CIMS (NH 3 ): gas pressure 50 Pa; 120 eV, 0.1 mA, source T 150°C Preparative MPLC separations were performed on a Biotage Isolera One instrument equipped with home-made silica gel and reversed phase (RP-18) filled cartridges.
Mushroom Material: see reference [5a] .
Compound Isolation and Identification: Extraction of fresh fruiting bodies of T. saponaceum with EtOAc and separation of the extract by column chromatography on silica gel (column A) to give 34 main fractions (1-34), has already been described [5a] . All the subfractions resulting from the chromatographic separation of main fractions 22-29 from column A, from which saponaceolide A (1) had been isolated [5a] , were pooled together. The resulting mixture (1.8 g) was subjected to column chromatography on silica gel. Hydrolysis of esters 10 and 11: To a solution of ester 10 (34 mg) in MeOH (2 mL) was added solid K 2 CO 3 until saturation. The mixture was stirred for 1h at rt, filtered through a paper filter, and evaporated. The residue was dissolved in CH 2 Cl 2 -H 2 O. Evaporation of the organic phase left a solid (14 mg) which was identical to an authentic sample of fasciculol B (12) [12] in all aspects, including the specific rotation. The aqueous layer was acidified to pH = 3 with 10% HCl, and repeatedly extracted with EtOAc. The organic phase was dried (MgSO 4 ) and evaporated. The resulting residue, dissolved in Et 2 O (1 mL), was treated with ethereal diazomethane at 0°C. Solvent evaporation left a residue which was filtered through a short silica gel column to give diester-amide 13 (8 mg). Hydrolysis of ester 11 by the same procedure gave identical compounds 12 and 13. 
Cell antiproliferative activity assay (MTT test):
The experimental procedure has been described in reference [14] . Cell viabilities were evaluated after exposure to each tested compound for 24h. Shikonin, a well-known cytotoxic drug [15] , was used as the reference compound. Cell lines were obtained from ATCC.
